ABSTRACT. We used the partially sequenced genomes of the turkey and chicken to find a large number of microsatellite markers. We then characterized 10 polymorphic microsatellite markers developed by cross-species amplification from economically and ecologically important birds to various European subspecies of the grey partridge. Even though we used cross-species amplification, a high degree of polymorphism was conserved in all microsatellite markers. Cross-species amplification from INTRODUCTION Among galliforms, the chicken (Gallus gallus) and turkey (Meleagris gallopavo) are of particular economic interest, and their genomes are respectively entirely and partially sequenced. Several hundred primer pairs have already been defined to amplify microsatellite markers in these two species. In this study, we proposed to test the transferability of these markers to the grey partridge (Perdix perdix), another galliform species of ecological and economic interest. Considering that the galliform phylogenetic tree shows that the chicken is basal and that the turkey is a sister taxon of the grey partridge (Dimcheff et al., 2002; Kimball et al., 1999) , we hypothesized that primer pairs identified in chicken and conserved in turkey (or conversely) should also be conserved in grey partridge. The grey partridge is represented by 8 allopatric sub-species occurring in Eurasia. Like other galliforms, such as Capercaillie (Segelbacher and Storch, 2002) or rock ptarmigan (Bech et al., 2009) , global warming would cause the loss of suitable habitat and would thus increase population fragmentation of the grey partridge. In France, this habitat fragmentation would lead to the geographical isolation of two sub-species, Perdix perdix hispaniensis (included in the red data book of threatened species) in the Pyrenees and Perdix perdix armoricana in the north of France. Moreover, P. p. hispaniensis and P. p. armoricana represent important small game species, and because they are depleted by hunting, they are regularly restocked. Because restocking involves individuals originating from distinct European sub-species, wild populations display a risk of genetic introgression (Martin et al., 2003) .
Microsatellite markers are a very useful tool for both ecological monitoring of wild populations and stock management and enhancement of captive-bred individuals. In this paper, we present the characterization of microsatellite markers usable for the European grey partridge.
MATERIAL AND METHODS

Cross-species ampliication
In this study, we tested 138 microsatellite primer pairs (see Supporting Information Online; Supplementary Material) on the grey partridge, which have been successfully amplified in both chicken and turkey. Three other criteria were also considered: i) primer pairs would show high annealing temperature in source species; ii) the microsatellite loci would be polymorphic in their source species, and iii) the microsatellite loci would be located on different chicken chromosomes in order to avoid potential linkage disequilibrium. Sampling included liver and feather samples, which were collected during the hunting season (N = 82). Main samples came from two distinct wild sub-species (P. p. hispaniensis and P. p. armoricana). Some other samples came from stockbreeding with an imprecise geographical origin. Genomic DNA was extracted using silica columns (e.Z.N.A from OMEGA BIO-TEK), according to the manufacturer protocol. Polymerase chain reaction was performed using the QIAGEN multiplex kit. Multiplexes were carried out according to the manufacturer standard microsatellite amplification protocol in a final volume of 10 µL and at 57°C for annealing temperature.
Statistical analysis
Departures from Hardy-Weinberg expectations and linkage disequilibria were assessed for each specific microsatellite markers using the exact tests (1000 permutations) implemented in GENEPOP version 3.4 (Raymond and Rousset, 1995) . Polymorphism of microsatellite markers, which gave us a specific amplification, was estimated with the number of alleles (A), and expected heterozygosity (H e ) (Weir and Cockerham, 1984) using FSTAT version 2.9.3.2 (Goudet, 2001) with 800 permutations.
RESULTS
Among 138 loci tested, 76 gave amplification with only one specific product (see Supporting Information Online; Supplementary Material). Of these, 10 microsatellite markers were polymorphic (Table 1) . Among these, no evidence of linkage disequilibrium was detected (P < 0.001, significance threshold adjusted with the Bonferroni's procedure, for 45 tests). After Bonferroni's correction for multiple comparison (P < 0.005), only two loci showed significant deviation from Hardy-Weinberg expectations: MNT412 and MNT45 (F IS > 0). This heterozygosity deficit could be interpreted as the result of a Walhund effect because our sampling included several samples from different geographical regions but not real field populations, which are not yet determined. Concerning polymorphism, the number of alleles per locus ranged from 3 to 19 and gene diversity ranged from 0.51 to 0.89 (Table 1) .
DISCUSSION
This study shows that genomic sequence databases of economically important animals are useful tools to identify conserved genetic markers. Because there are not many microsatellites in avian species (Primmer et al., 1997) , cross-species ampliication from birds of economic interest could be an attractive approach to manage wild and captive populations of other birds such as the grey partridge. In birds, it has been shown that the polymorphism rate of microsatellite markers decreases with the increase in genetic distance from the species from which they have developed (Ellegren et al., 1995; Primmer et al., 1996) . With the use of cross-species ampliication, a high polymorphism was conserved in our microsatellite markers, which is very promising in terms of usefulness. Studies based on these markers are now underway.
Origin species
Perdix perdix (N = 82) Table 1 . Characteristics of 10 polymorphic microsatellite loci developed by cross-species ampliication for the grey partridge.
Origin species of the marker; Marker name; Numer of alleles in the origem species; GenBank accession number; Fragment size in the origin species; Position of the marker on the chicken chromosomes; Primer sequences (F: forward, R: reverse); Ta: annealing temperature in the grey partridge (°C); fragment size in grey partridge; multiplex and dye number according to Beckman Coulter codes; A: number of alleles; H e : expected heterozygosity; F IS *: signiicant deviation from Hardy-Weinberg equilibrium after Bonferroni's correction for multiple comparison (P < 0.005). † Reverse primer sequence of MCW230 (G32001) has been redesigned in order to have a better speciicity.
Supplementary material.
Origin species
Marker (Gibbs et al., 1997) Continued on next page Supporting Information Online. List of microsatellite markers tested but not selected.
